An improved and sensitive High Performance Thin-Layer Chromatography (HPTLC) method has been developed for determination of anticancer compound, nimbolide in different parts of Azadirachta indica and its dosage form. A quick and simple ultrasonication technique was used for the preparation of sample solutions. Separation of the components was achieved on precoated TLC plates by using optimized tertiary mobile phase consisting of n-hexane:ethyl acetate: acetic acid (6:4:0.2, v/v/v) with a solvent migration distance of 68 mm. Densitometric quantification was performed after derivatization of the plate with methanol-sulfuric acid reagent in reflection/absorption mode at 515 nm. A linear response of nimbolide was obtained over the range of 200-1400 ng/spot with a correlation coefficient of r 2 5 0.99968, indicating good relationship between concentration and peak area. The method sensitivity was found to be increased by performing the analysis after derivatization with methanol-sulfuric acid reagent. The limit of detection and limit of quantification were found to be 70 and 200 ng/spot, respectively. The obtained recovery range from 96.70 to 98.01% with an average of 97.46% proves excellent accuracy of the method. ICH protocol was followed for validation of the HPTLC method in terms of precision, repeatability and accuracy. The developed method was found to be highly sensitive and the mobile phase efficiently separated nimbolide from other components. The maximum content of nimbolide was found in leaves. Further, the developed HPTLC method can be applied successfully for the marker evaluation of the formulations containing A. indica.
Introduction
Azadirachta indica (Fam: Meliaceae) popularly known as "neem" is indigenous to Indo-Pakistan subcontinent. Almost all parts of the plant offer tremendous potential for medicinal, agricultural and industrial applications. It has been used in traditional medicine for household remedies against various human diseases (1-6). More than 135 compounds have been isolated from different parts of the plant and their chemistry, and structural diversity is reported in literature (7 -13) . Among the isolated compounds, nimbolide is found as one of the major and important component present in the leaves of A. indica. It has been attributed with wide range of potent pharmacological activities such as antifeedant (14) , antimalarial, cytotoxic and antimicrobial activities (15) . More importantly, it exhibits promising anticancer activity against variety of human cancer cell lines and animal models (16) (17) (18) (19) (20) (21) (22) . Its amide derived analogs showed more potent in vitro cytotoxicity against human cancer cell lines (23) . Recent investigation includes its potent activity against colon cancer cells (24, 25) and human breast cancer cells (26) . Nowadays, there is a tremendous demand of plant bioactive substances around the world because of their diversified chemical properties, low toxicity and multitarget applications (27 -31) . They are extensively used in pharmaceuticals, agrochemicals, flavor and fragrance ingredients, food additives and pesticides in industries.
Researcher and scientists are focusing their increasing interest towards nimbolide since it exhibits potent anticancer activity with low toxicity (32) . Therefore, it is worthwhile to accurately determine the content of this important bioactive molecule accumulated in different parts of A. indica. Because of the suitability of High Performance Thin-Layer Chromatography (HPTLC) for marker evolution in different formulations (33, 34) , it was further planned to quantitatively estimate nimbolide in neem capsule and osteoseal capsule by considering it as a reliable bioactive marker. Marker based evolution of these solid dosage forms are not available in any literature including the Ayurvedic Pharmacopoeia of India (35) . An HPTLC method for analysis of nimbolide in A. indica leaves has already been reported (36) , but similar analysis in other plant parts of neem is not available. In view of this, a highly sensitive and efficient HPTLC method has been development for quantification of nimbolide in different parts of neem and its formulations.
Experimental

Instrumentation
The HPTLC system (Camag, Muttenz, Switzerland) consisted of a CAMAG TLC scanner III integrated with winCATS software (version 1.4.2), a Limomat 5 (fitted with 100 mL syringe) TLC applicator connected to a nitrogen cylinder, a twin-trough plate development chamber (20 Â 10 cm), a plate heater, a derivatization chamber and a documentation unit Reproastar 3.
Materials and chemicals
The plant material was collected from local area of Bhubaneswar, Odisha, India and the identity was confirmed by taxonomist. The formulations were procured from an authentic local medical store. The plant material was segregated into different parts, shade dried and powdered. The analytical grade reagents were obtained from the S. D. Fine Chem. Ltd. and HPTLC plates (with fluorescent indicator 254 nm) used were from Merck KgaA (Darmstadt, Germany). TLC plates were pre-run with methanol and activated at 658C for 40 min prior to chromatography. The shade dried powdered neem leaves were extracted with acetone in cold condition. The extract solution was dried under reduced pressure with the help of rotary evaporator. It was further washed with hot n-hexane and finally the greenish color was removed by treating with activated charcoal. Recrystalization with methanol yielded pure white crystals of nimbolide. The structure was confirmed by comparing the spectroscopic data with the values in published literature (37) .
Sample preparation
An accurately weighed powder sample of neem capsule (3 g), osteoseal capsule (3 g), neem stem bark (3 g), neem seed, neem old leaves and young leaves (1.5 g each) were taken separately in 25 mL volumetric flasks. Each was added with 15 mL of methanol:chloroform (1 : 1) and kept overnight. In the next day, each sample was sonicated in ultrasonicator bath for 15 min, prior to the analysis. Then the final volume was made up to the mark with methanol and again all the samples sonicated for 5 min each.
Standard stock solution
A standard stock solution of pure nimbolide was prepared by dissolving 2.5 mg in 50 mL of methanol (50 ng/mL). The solution was further diluted with methanol to prepare the required working standard solution (10 ng/mL) to study the sensitivity of the method. The above stock solution was used to perform the validation experiments and also to calibrate the method.
Chromatography and HPTLC scanning
Prewashed and preactivated 20 Â 10 cm HPTLC plates precoated with silica gel 60 F 254 of 0.2 mm layer thickness were used for chromatography. Different concentrations of standard and sample solutions were applied on the plate as 6 mm band located 10 mm from bottom, 28 mm from the plate edges by maintaining 11 mm band gap. A Camag Linomat 5 applicator (fitted with a 100-mL syringe) was used for application of test solutions at a constant application velocity of 150 nL/s under a continuous drying stream of nitrogen gas.
The applied HPTLC plates containing sample and standard spots were developed up to 68 mm in a Camag twin-trough glass chamber (ascending mode of the development under the laboratory conditions) that had been presaturated with the mobile phase, n-hexane:ethyl acetate:acetic acid (6:4:0.2, v/v/v) for 2 min. The developed plates were dried with a stream of hot air and the densitometry scanning was performed by using a Camag TLC Scanner 3 with winCATS software (version 1.4.2) in absorption-reflection scan mode after derivatization of the plates with methanolic-sulfuric acid reagent (5%). The slit dimension of the scanner was set at 5.0 Â 0.45 mm (micro) with 100 mm per step data resolution and 20 mm/s scanning speed. Nimbolide was quantified by its maximum absorbance at 515 nm. Concentration of the compound was determined from the scan intensity of diffusely reflected light using linear calibration via peak areas.
Validation
For determination of limit of detection (LOD) and limit of quantification (LOQ) of nimbolide, the amount in the range of 20 -260 ng was applied on the TLC plate by standard solution of 10 ng/mL. For linearity study, a series of standard solution equivalent to 200, 600, 1000 and 1400 ng/spot were applied to the TLC plate using the stock solution. For instrumental precision, six bands of nimbolide (each of 400 ng) were applied on the plate by using 8 mL solution for each band. Intraday precision experiment was conducted on the same day using solutions of three different concentrations, each being analyzed in sextuplicate. Three sets of experiments were performed and each set containing three different amounts of nimbolide, i.e. 400, 600 and 800 ng. Solutions for each of these levels were independently prepared. For interday precision, the analysis was performed with above three concentration levels for six consecutive days.
The accuracy of the method was determined by performing the recovery experiment by spiking the known concentration of nimbolide to the previously analyzed sample at the level of 80, 100 and 120% with each level being repeated thrice. 
Results
Development of optimum mobile phase
A solvent system that would give dense and compact spots with appropriate and significantly different retardation factor (R F ) value was highly desired for HPTLC analysis. In view of this, a number of mobile phases have been tested and found that n-hexane:ethyl acetate:acetic acid (6:4:0.2, v/v/v) gave good separation of nimbolide from other components present in the crude extract (Figures 1 -3) . The R F value of nimbolide was found 0.43 with the solvent migration distance of 68 mm and the chamber saturation time of 2 min. specificity, sensitivity, linearity, accuracy, precision, repeatability and robustness.
Method validation
Sensitivity
The method sensitivity was tested with respect to LOD and LOQ of nimbolide. The lowest amount of the compound that could be detected was found to be 70 ng/spot and the lowest amount that could be quantified was found to be 200 ng/spot (Table I) .
Linearity and calibration curve A calibration plot for nimbolide was constructed with the help of the winCATS software and a good linear relationship between peak area versus the concentration was obtained in the range of 200-1400 ng/spot. It was defined by the linear equation y ¼ 1.741x þ 110.119, with a correlation coefficient of 0.9997.
Precision
Instrumental precision was studied by scanning of six bands at a concentration of 400 ng/spot. The CV of measurement of the peak area was taken to evaluate the system precision (Table I) . Intraday precision of the method was evaluated at three different concentrations of nimbolide (400, 600 and 800 ng/spot) within a laboratory over a short period of time over entire calibration range for six times (n ¼ 6) on the same day. Interday precision was checked at the same concentration level on the consecutive days. In both cases, the CV of peak area was used to evaluate method precision and the results obtained are shown in Table II .
Accuracy
Accuracy of the method was performed by spiking a known amount of nimbolide into the pre-analyzed sample (contain 230.92 ng) at three different levels, that is, 80, 100 and 120% with three replicates for each level and the CV was calculated. Recovery values ranging from 96.70 to 98.01% with an average value of 97.46% for nimbolide was obtained using the proposed method. The results are presented in Table III .
Specificity
Comparison of R F value of standard nimbolide with the sample confirmed the specificity of the developed method. Furthermore, the identity of the nimbolide peak was confirmed by comparing the UV -visible absorption spectrum of the peak from the standard with the corresponding peak from the sample; they were found to be superimposable. The purity test of the separated nimbolide was also conducted and confirmed by comparison of UV -Vis absorption spectra recorded from start to middle and middle to end at their maximum absorbance of wavelength with an experimental correlation limit of 0.99900. It was found that r (start, middle) ¼ 0.999989 and r (middle, end) ¼ 0.999959, which indicates that the separated nimbolide satisfactorily overcome the purity test.
Robustness
The method robustness was tested by small deliberate changes in the composition of mobile phase and analysis of nimbolide was carried out at 200 ng. The results are presented in Table IV .
Quantification of nimbolide
The developed and validated method was applied for the analysis of nimbolide in different plant parts of A. indica and its formulations. Six replicates were made for each determination and presented in Table V .
Discussion
Nimbolide a naturally occurring triterpene endowed with promising anticancer activity. For its clinical trials, the availability in abundance is highly necessary. A. indica was found to accumulate substantial amount of nimbolide. Although all parts of the plant are reported to have interesting therapeutic activity, but they have not yet been evaluated for nimbolide content except leaves. With this objective, we developed a rapid and sensitive HPTLC method for quantitative analysis of nimbolide in different parts of A. indica and its dosage form.
The marker compound nimbolide was obtained in pure form by a simple isolation procedure as described above. A quick and easier sample preparation method (ultrasonication technique) was used for preparation of sample solutions with lower requirement of organic solvents by which the thermal and chemical degradation of nimbolide can be avoided. Better separation of (36) . There is an additional improvement in the method sensitivity (LOD: 70 ng/spot and LOQ: 200 ng/spot) as compared with the previous publication; where the limit of detection and quantification for nimbolide were 3.3 mg and 11.03 mg, respectively. Hence, the method sensitivity for quantification of nimbolide increases after derivatization with methanol -sulfuric acid reagent. The performance of the proposed method is according to the ICH guidelines for the validation of a bioanalytical method in terms of precision, linearity, accuracy and recovery. In all the cases, % RSD values were ,2% confirming the suitable precision of the method. There is no interference from other extraneous components which indicates that the method is specific only for analysis of nimbolide (Figure 4 ). There was no significant change in the R F of the compound and the low value of % RSD confirmed the robustness of the method (Table IV) . Further, recovery was .96%, indicating the method reliability and suitability. The developed and validated method was applied for the analysis of nimbolide in different plant parts of A. indica and its formulations. The low SD values indicated the suitability of the proposed method for day-to-day analysis of this important bioactive molecule.
Conclusions
The developed method provides a simple, precise and accurate analytical method for the identification and quantification of nimbolide in different parts of A. indica and its formulations. A very simple isolation technique was developed to obtained nimbolide from A. indica leaves. Quick and easier process for sample preparation, high method sensitivity and excellent separation of analytes by the mobile phase are the important features of the developed method. It is evident that the maximum content of nimbolide was found in the leaves, followed by seed and stem. There was no significant difference between the older and younger leaves with respect to nimbolide content, hence identified as high yielding plant part. The nimbolide content was estimated in neem and osteoseal capsule by the developed HPTLC technique which can be applied successfully for the marker evaluation of these solid dosage forms.
